Application Note: AN_SY 7066/SY 7066A

1.8V Minimum Input and 5. 5V Maximum Output
6A Peak Current Synchronous Boost with Output Disconnect

General Description Features
SY7066/SY7066A is a high efficiency synchronous e 1.8V Minimum input voltage
boost regulator that converts down to 1.8V inputl an +  Adjustable output voltage from 2.5V to 5. 5V

up to 5.5V output voltage. It adopts NMOS for the «  6A peak current limit

main switch and PMOS for the synchronous switch. It .
can disconnect the output from input during the

shutdown mode.

Ordering Information

Sy70661(0O00)
‘E Temperature Code

Package Code

Optional Spec Code

Input under voltage lockout

» Load disconnect during shutdown

»  Output over voltage protection

* Input battery voltage monitor

*  Low Rps(on) (Mmain switch/synchronous switch)

at 5.0V output: 20/40mohm

» Automatic output discharge at shutdown:
0 SY7066: Auto output discharge function
0 SY7066A: No output discharge function

» Compact package: QFN2x2-10

Ordering Number| Package type Note

SY7066QMC QFN2X2-10 -—--

Applications

SY7066AQMC QFN2X2-10 -

» All Single Cell Li or Dual Cell Battery
Operated Products as MP-3 Player, PDAs, and
Other Portable Equipment.

Typical Applications

Efficiency vs. Load Current
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Figure 1. Schematic Diagram
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Figure 2. Efficiency Figure
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Pinout (top view)
10 9 8 7
FB LBOi LBI EN
1 PVOUT]  {SvOUTl 6
2 i IN 5
3 PGND! iSGND | 4
(QFN2X2-10)
Top mark:M Gxyz for SY7066 (Device co&: MG., x=year code, y=week code, z= |ot number code)
Aaxyz for SY7066A (Device co&: Aa, x=year code, y=week code, z= lot number code)
Name | QFN2X2-10 Description
PVOUT 1 Power output pin. Decouple this pin to GND pithaat least 22uF ceramic cap.
Signal output pin. Decouple this pin to GND pintwitt least 1.0uF ceramic cap for nois¢
SVOUT 6 ; ; : .
immunity consideration.
LX 2 Inductor node. Connect an inductor betweermpiiNand LX pin.
PGND 3 Power ground pin.
SGND 4 Signal ground pin.
IN 5 Signal input pin.
EN 7 Enable pin. Internal integrated with 1Mohmlgldwn resistor.
LBI 8 Low battery comparator input.
FB 10 Feedback pin. Connect a resistor R1 between OUT-8n@dnd a resistor R2 between FB
and GND to program the output voltage, ¥=1.2V*(Ry/Ry+1).
LBO 9 Low battery comparator output.(open drain) .

Absolute Maximum Ratings (vote 1)

EN Vourt0.3V
Other Pins 6V
Power Dissipation, i@ T,=25°C QFN2x2-10 2.5W
Package Thermal Resistance (Note 2)

0 Ja 50°C/W

0 ac 10°C/W
Junction Temperature Range 150°C
Lead Temperature (Soldering, 10 sec.) 260°C
Storage Temperature Range -65°C to 150°C
Recommended Operating Conditions (vote 3)
IN 1.8V to 5.25V
PVOUT, SVOUT 2.5V to 5.5V
EN 0V to Vourt0.3V
All other pins 0-5.5Vv
Junction Temperature Range -40°C to 125°C
Ambient Temperature Range -40°C to 85°C
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Electrical Characteristics
(VIN=2.4V, Vout=5V, lout=500mA, Ta = 25°C unless otherwise specified)

(

Parameter Symbol Test Conditions Min Typ Max uUnit
Input Voltage VIN 1.8 5.25 \%
Output Voltage Range VOUT 2.5 5.5 \%
Quiescent Current Vy 1Q 10=0A,Vgn=Vn=1.8V, 10 HA
Vour Vour=5.0V 27 HA
Shutdown Current shon Ven=0V, Viy=2.4V 0.1 1 LA
Linear charge current charce Vour<lV 1.2 A
1V<Vour<90%Viy 1.0
Soft-start time Tss 1 ms
Input Vin UVLO threshold Vvio 1.78 \Y
Vin UVLO hysteresis Vivs 0.1 \Y
EN Rising Threshold Wb 1.2 \Y
EN Falling Threshold WL 0.4 \Y
LBI Voltage Threshold Vai 1.176 1.2 1.224 V
LBI Input Hysteresis VBI Hvs 20 mV
Low Side Main FET RBn RDS(ON)] Vour=5.0V 20 ng2
SynChronOUS FET R RDS(ON)Z Vour=5.0V 40 ng2
Main FET Current Limit lv1 6.0 A
Switching Frequency fsw 500 kHz
Feedback Reference Voltage REY 1.182 1.2 1.218 \
Output over voltage protection| ovp 6 V
Minimum on time Bn MmN 100 ns
Minimum off time Torr MIN 100 ns
Max on time By max 2 us
Thermal Shutdown TemperatureTlsp 150 C
Thermal Shutdown hysteresis | nyE 20 C
Output Discharge Resistor ok 80 Q

Note 1. Stresses beyond the “Absolute Maximum Ratingsy nause permanent damage to the device. These are
stress ratings only. Functional operation of théaeat these or any other conditions beyond tihdieated in the
operational sections of the specification is ngblied. Exposure to absolute maximum rating condgimay affect
device reliability.

Note 2: 0 JA is measured in the natural convection aE25°C on a four-layer Silergy Evaluation Board..

Note 3: The device is not guaranteed to function outsislejiterating conditions.
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pical Performance Characteristics

Efficiency vs. Load Current
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Applications I nformation

Because of the high integration for SY7066, onlpuicapacitor ¢, output capacitor &r, inductor L and
feedback resistors (Rind R) need to be selected for the targeted applicaspesifications.

(

Feedback resistor dividers R1 and R2:

Choose Rand R to program the proper output voltage. To mininitee power Vour
consumption under light loads, it is desirablehioase large resistance values for both H R,
and R. A value of between 1@kand 1M2 is recommended for both resistors. B is 1.2Ve
5.0V, R=470kQ is chosen, using following equation, thendan be calculated to be R
GND 2
148.41Q:
12v R 1)

2 V12V t

| nput capacitor Cn;:

The input capacitor is selected to handle the inple current requirements. For the best perforcea it is
recommended to use X5R or better grade ceramiccitapavith 6.3V rating and greater than 22uF catzae.

Li-lon battery hot plug consideration:

In the mass production stage, the Li-lon Battery aways hot plug in between IC IN and GND pin.€Ttot plug
may lead to large voltage spike and even lead tBAS fail. To avoid this potential risk, 1pcs 2Zidfamic cap
serial with 0.12 resister is recommended to absorb the input velpike.

With the recommended input absorb solution, théaga spike can be reduced from 6.13V to 5.29V.

AV
. R;s
Large spike , 100kQ
‘L— 42V
| TBO
N SVOUT
ov “ Cs L
Wk [
~ Vi 1.8V~4.2V — Vour=5V
/_’\/ ' YN LX  PVOUT — o
R Cs Co
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220F | 22uF K 1
23uF/6.3V FB o
~ R
= FN PGND SGND
b‘ ~
TekPrevu L TekPrevu gy

Vi 1V/div Vi 1V/div
Vi spike is 6.13V

Vv spike is 5.29V

Vour 2V/div Vour 2V/div
| T ——
Time (10us/div) Time (10us/div)
Ci=22uF/6.3V*2 C=22uF/6.3V*2 // (22uF+0.1Q)
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Inductor L Selection:

There are several considerations in choosing tlisdtor.

1) Choose the inductance to provide the desired rippteent. It is suggested to choose the rippleeturto be
about 40% of the maximum output current. The indnice is calculated as:

L=( Vin )2 Vour =Vin) (2)

0,
VOUT FSW x| OUT,MAX x 40 %

where Ky is the switching frequency angul wax is the maximum load current. The SY7066 reguléiis
quite tolerant of different ripple current amplisudConsequently, the final choice of inductance lwaslightly
off the calculation value without significantly iragting the performance.

2) The saturation current rating of the inductor msstselected to be greater than the peak inductogrduinder
full load conditions.

lexram > Vour X lout. max + Vi’ (Vour = Vi) 3)
' Vin Vour 2XFg xL

3) The DCR of the inductor and the core loss at thickimg frequency must be low enough to achieve the
desired efficiency requirement. It is desirablectmose an inductor with DCR<50mohm to achieve adgoo
overall efficiency.

Inductor Vs. Qutput Capacitor:
The output capacitor is selected to handle theutuipple noise requirements. Both steady stat@eipnd transient

requirements must be taken into consideration vdebecting this capacitor. Care should be takenitonmeze the
loop area formed by &0t, and OUT/GND pins. It's recommended to use a XBReaiter grade ceramic capacitor
with 10V rating and great than 22uF capacitanceldoouple the high frequency current. And also @atam
capacitor with 16V rating and great than 100uF cdpace is recommended for the stability considenat

All continuous mode boost converters have a rigtit plane zero (RHPZ) due to the inductor beingoeed from

the output during charging. In a converter withrent mode control, inner current feedback loopvedidhe switch,
inductor and modulator to be lumped together insonall signal variable current source, shown devial

/\\ Vo
N}
s e f .
L

Co

the power stage approximate transfer function is:

(1-D)xR [“ i ](1 S ] @)
GC(S): - R L x ESR S RHPZ
i 1+—

p
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Where
=1 (5)
(DESR R ESRCO
- 1 6)
o=
F (RESR+RL)XCO
R, (V)
Opypy = L x| =N 7
L Vour

As the equation 4 shows, Boost convert with curmneatle control transfer function is consist of orf&REzero, one
right half plane zero and one pole. Right half plaero brings 20dB/decade gain increase, 90 deghess drop.
So the bandwidth of boost converter MUST be lowmantzypz.

As shown in equation 7, right half plane zero ipafed on R, L and duty cycle. Larger inductor lead to loviigpz,
so bandwidth should be designed lower thag;.

Some low profile application may prefer to usetkeamic capacitor solution and some low cost apfiio may
use the Electrolytic cap to reduce the BOM cost.
Below is selection table based on different indacéaand output capacitor.

Inductance Vs. Output Capacitor Selection Table

Inductance Low profile capacitor application Lowstaoapacitor application
Part Number L(uH) Part Number oGr (UF) Gout (UF)
SPM6530T-1ROM 1.0 C3216X5R1A226M 22uF/10Vx3pcs 220F+100uF(E-cap)
SPM6530T-1R5M 15 C3216X5R1A226M 22uF/10Vx4pcs 220%+100uF(E-cap)
SPM6530T-2R2M 2.2 C3216X5R1A226M 22uF/10Vx5pcs 220F+200uF(E-cap)

Enable Operation
Pulling the EN pin low (<0.4V) will shut down theedice. During shutdown mode, the SY7066 shutdowneot
drops to lower than 1uA, driving the EN pin high1(:2V) will turn on the IC again.

L ow Battery Detector Function-LBI/L BO
The low-battery detector function is used to manttee battery voltage and to generate an error \flagn the
battery voltage drops below a user-set thresholdge.

The function is active only when the device is éedbWhen the device is disabled, LBO stays at mghedance.
The detection threshold is 1.2V at LBI. During natroperation, LBO stays at high impedance whenvtiitage
applied at LBI is above the threshold. It is aclwe when the voltage at LBI goes below 1.2V.

The battery voltage, at which the detection cireuittches, can be programmed with a resistive divadnnected to
LBI pin. The resistive divider scales down the battvoltage to a voltage level of 1.2V, which igthcompared to
LBI threshold voltage. The LBI pin has a built-ipsteresis of 20mV. If the low-battery detectiorcait is not used,
the LBI pin should be connected to GND (or to VBAard the LBO pin can be left unconnected. Do riahie LBI
pin float.

VBAT

R; and R are designed to program the proper low battergsthold voltage. The voltage
across Ris equal to the LBI voltage threshold that is gatexl on-chip, which has a valug
of 1.2V. The value of resistorsRdepending on the desired minimum battery volN@BAT,

can be calculated as: GND

Rs
LBI
Ra
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The output of the low battery monitor is a simpjgen-drain output that goes active low if the dewidabattery
voltage drops below the programmed threshold veltag LBI. The output requires a pull up resistothwa
recommended value of 100k The maximum voltage which is used to pull up tB® outputs should not exceed
the output voltage of the DC/DC converter. If nséd, the LBO pin can be left floating or tied to BN

L ayout Design Consider ation:
For the best efficiency and minimum noise problewss should place the following components clostélC: Gy,
COUT! Ll Rl and B

1) It is desirable to maximize the PCB copper am@anecting to PGND pin to achieve the best theramnal noise
performance. If the board space allowed, a grquade is highly recommended.

2) Cout must be close with Pins PVOUT and PGND. The laga &rmed by gyr and GND must be minimized.

3) To minimize the output decouple loop area, L&cé& is recommended to be routed on bottom or midgier
through via.

4) SVOUT is the power supply pin for the internahtrol circuit. Don’t connect to PVOUT pin directh 4.7uF
ceramic cap is strongly recommended to decouple  EVQin to SGND pin. Please use a jump wire to cahne
SVOUT pin to output capacitor side.

5) The PCB copper area associated with LX pin rhagninimized to avoid the potential noise problem.

6) The components;Rnd R, and the trace connecting to the FB pin must eadjacent to the LX net on the PCB
layout to avoid the noise problem.

PCB L ayout Suggestion

» 2 7 z

10 9 8 T

1 PVOUT 6 | SVOUT
2 LX 5 | IN

3 PGND 4 | SGND
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QFN2x2-10L FC Package Outline
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Recommended PCB Layout
(Reference only)
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SideView
Notes: All dimension in MM and exclude mold flash & metal burr.

AN_SY7066/A Rev. 0.9B Silergy Corp. Confidehtigarepared for Customer Use Only 11



AN_SY 7066/A

Taping & Red Specification
1. Taping orientation
QFN2x2

‘**3.9/4.147 1.45/1.55

O O @ O

7.7/8.3

Feeding direction —>

2. Carrier Tape & Red specification for packages

%

—» M Reel Width

Reel -
Size
Package | Tapewidth Pocket Reel size Reel Trailer Leader length | Qty per
types (mm) pitch(mm) (Inch) width(mm) | length(mm) (mm) reel
QFN2x2 8 4 7 8.4 400 160 3000
3. Others: NA
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